ABSTRACT
INTRODUCTION
Globally, estimates show that human death due to endemic dog-mediated rabies is most prevalent in Asia, with 19 the highest occurrence and mortalities recorded in India.
Next to Asia is Africa; however, the absence of dependable data has led to uncertainty in the estimation of the disease burden [23] . India has the most prevalent rate of human rabies in the world, basically due to large number of stray dogs [18] . Rabies which is known to be endemic in Nigeria has the domestic dog as the primary reservoir of the causative virus [3] . It first occurred in the country in humans in 1912 and was first diagnosed in the laboratory in a dog in 1925 [5] , since then, human and animal rabies cases have been reported in all the regions and ecological zones of Nigeria annually [2, 35] .
Rabies remains a threat underappreciated by healthcare practitioners in many endemic areas, often owing to lack of rapid diagnostic tools, post-mortem evaluations, and public health reporting. Although most veterinary laboratories in Africa have sufficient personnel capacity to diagnose rabies in animals, routine diagnosis is often limited by a lack of laboratory equipment and reagents [16, 24] .
Diagnosing rabies can be demanding sometimes, this is because it is easily confused, especially at the early stages, with other diseases [8] . Proper history taking and clinical signs are very important in the diagnosis of rabies; however, confirmatory diagnosis of rabies depends on the laboratory identification of the virus or its specific components. Microscopic examination of specimens is one of the laboratory routines that allows for the rapid identification of rabies virus-specific antigen, irrespective of geographical location and condition of the host. The Direct Fluorescent Antibody Test (DFAT) is the 'gold standard' method for diagnosing rabies and its use has been recommended by the World Health Organization (WHO) [35] . However, F o o k s et al. [13] noted that decomposed samples can affect the sensitivity and specificity of DFAT. To ensure reliable results, the brain tissues to be tested must be preserved by chilling or freezing. The transportation of the tissues to the rabies laboratory often presents difficulties; especially since facilities for refrigeration are usually limited [1, 36] . Even when ice or dry ice and insulated packages are available, the delays involved in transportation often result in deterioration of the tissue in route, which increases the likelihood of false negative results with DFAT. Because of these difficulties, many specimens are not submitted for laboratory examination, even though it is important that decisions on postexposure prophylaxis should, whenever possible, be based upon the results of laboratory tests [36] .
Rabies urgently requires strengthening of new and existing diagnostic methodology in order to overcome the threat it poses [34] . It is pertinent to note that the accurate laboratory diagnosis of rabies in an animal has a direct effect on human treatments [20] . Therefore, rapid and accurate diagnosis of rabies is vital to human post-exposure prophylaxis, steering epidemiologic surveillance and providing adequate information for the design of rabies control programs [12] . The DFAT has been regarded as the 'gold standard' method for rabies diagnosis for many years despite the numerous limitations associated with this technique [10, 13] . The Enzyme Linked Immuno-sorbent Assay (ELISA) is suitable for analysing samples not preserved in good conditions [22] . It is rapid, easy to use, and relatively safe because they do not require the use of infectious virus, making them suitable for use in developing countries [8] .
A recently described method for the detection of RABV antigen from post-mortem samples is the Rapid ImmunoDiagnostic Test (RIDT), a useful method for rabies diagnosis without the need for laboratory equipment [11] . This RIDT is a one-step test that facilitates low-cost and rapid identification of viral antigens.
There is a need for more economical and user friendly tests, particularly for use in developing countries. Therefore, this study sought to evaluate the performance of ELISA and RIDT in relation to DFAT for the diagnosis of rabies in frozen dog brain tissues. 
MATERIALS AND METHODS

Specimen collection
Direct Fluorescent Antibody Technique
The direct fluorescent antibody test (DFAT) was performed as described previously [19, 28] Fluorescence was scored by two separate individuals using a three-plus scoring system (scores were as follows: 3 +++ bright yellow green fluorescence; 2 ++ dull yellow green fluorescence; + dim but detectable yellow green fluorescence).
Enzyme Linked Immuno-Sorbent Assay
The test was carried out according to the manufacturer's instruction (MyBioSource, USA). Briefly, in the micro-ELI- 
Rapid Immuno-Diagnostic Test
The test was done according to the manufacturer's instruction (Quickings, China) and as described previously [11] . Briefly, swab stick was inserted into 10 % brain tissue fluid homogenates (prepared as described earlier) until saturated and then placed into the assay buffer tube where it was thoroughly agitated to ensure good sample extraction.
The cassette was taken out from the foil pouch and placed horizontally. Gradually, 3 drops of sample extraction were dripped into the sample hole using a disposable dropper.
The result was interpreted in 5-10 minutes. The presence of both control band and test band on the strip (whether test band is clear or vague) was considered positive. The test and control lines on the test strips were scored by two separate individuals using a three-plus scoring.
Data analysis
The intensity of the fluorescence was counted and given one point per cross (+: 1 point; ++: 2 points; +++: 3 points). (Table 1) . Two (4 %) samples that were negative for rabies antigen by DFAT were positive by ELISA. Twenty two (44 %) samples that were positive by DFAT were negative by RIDT while 1 (2 %) sample that was negative by DFAT was positive by RIDT (Table 2 ). However, we found 96 % agreement (42 positives and 6 negatives) of ELISA and DFAT and 54 % agreement of RIDT and DFAT (20 positives and 7 negatives). Compared to DFAT, the sensitivities of ELISA and RIDT were 95.5 % and 47.6 % respectively, while the specificities of ELISA and RIDT were 100 % and 87.5 % respectively ( Table 2) 
DISCUSSION
The "gold standard" method for diagnosing rabies worldwide is the direct fluorescent antibody test (DFAT), which is recommended by the World Health Organization (WHO) and OIE [27, 38] . The main advantages of DFAT are its high sensitivity and specificity, even on fixed specimen [37] and that results can be obtained within 3~4 hours [9] . Despite the detectable advantages of the DFAT in di- to unnecessary post exposure prophylaxis [15, 40] . Consequently, the true public health impact of rabies will be greatly underestimated and political commitment for its control would be lacking [7] .
In this study, 88 % of the frozen brain specimens tested positive by DFAT, 84 % tested positive by ELISA and 42 % tested positive by RIDT. Similar findings have been recorded by earlier researchers; W h i t e f i e l d et al. [37] recorded 66.9 % positive result by DFAT in frozen brain specimens.
Of the 1253 specimens analysed in a trial by P e r r i n and S u r e a u [30] , 651 were positive in both the DFAT and the ELISA. Two different studies conducted by Y a n g et al.
[ 40] and S h a r m a et al. [33] , gave 17 % and 64.7 % positive results respectively by RIDT on fresh samples. Generally, the accuracy of rabies diagnosis is dependent on the quality of the sample [13, 6] , the type of anti-rabies conjugate used [31] , virus antigen distributions in the brain and areas of the brain tested [4] .
The present study evaluated the efficacy of RIDT to be used under laboratory and field condition for rabies diagnosis and obtained sensitivity and specificity of 47.6 % and 87.5 % respectively. This however, contradicts the findings of N i s h i z o n o et al. [25] who reported a sensitivity of 95.25 % and a specificity of 88.9 % using a type I RIDT kit which recognizes epitope II and III of the nucleoprotein of rabies virus. Similarly, K a n g et al. [14] recorded a high sensitivity and specificity of 91.7 % and 100 % respectively. This variation in the sensitivity and specificity of RIDT was observed by E g g e r b a u e r et al. [11] who compared six commercially available RIDTs for diagnostic and analytical sensitivity, as well as their specificity and concluded that the sensitivity and specificity varied considerably with different test kits. Also, none of the test kits investigated proved to be satisfactory, although the results somewhat contradicted previous studies, indicating batch to batch variations. Therefore, the low sensitivity and specificity of RIDT recorded in our study could be attributed to poor quality control and relatively low detection limit of the test kit used.
The ELISA is usable even on autolysed or partially degraded brain samples. It can be read qualitatively with the naked eyes and a large number of samples can be tested at the same time [9, 17] . However, false positive results due to cross reactivity with other antigens with very similar epitopes had been recorded [30] . In this study, the sensitivity and specificity of ELISA were shown to be 95.45 % 
23
and 100 % respectively. This is in complete agreement with earlier studies [21, 26, 29, 32] . More recently, X u et al. [39] recorded a sensitivity and specificity of 97 % and 99.9 % respectively using a modified ELISA technique known as WELYSSA. In our study, 96 % agreement was observed between DFAT and ELISA. The very good strength of agreement between the ELISA and DFAT (Concordance coefficient 78 %; Kappa 0.834) implies that ELISA is as reliable as the DFAT and can be used in laboratories that cannot perform DFAT or whenever DFAT results are in doubt.
CONCLUSIONS
The ELISA is as reliable a diagnostic method as the DFAT which is the gold standard for rabies diagnosis. It has an advantage of being able to analyse large number of samples at the same time, making it more suitable for epidemiological studies and for laboratories that cannot perform DFAT. The unsatisfactory result of RIDT in this study reiterates the need to perform an adequate test validation before it can be used in the laboratory for rabies diagnosis.
